Jc. 7 

rc$T AVAILABLE COPY 



(V 




"6100 05 

3-5 



J 



1 

Patent No. 610,005 
Multiple Purpose Heat Exchange Coil 

Ferdinand B. Herx, Grosse Pointe Park, Michigan, 5 

U.S.A., and Stanley A. Domal, Wyandotte, Michi- 
, gan, U.S.A., assignors to Borg- Warner Corporation, 
Chicago, Illinois, U.S.A. 

Application May 21, 1957, Serial No. 729,546 

In the United States May 25, 1956 10 
14 Claims 

This invention relates to heat exchangers, and 
more particularly to multiple purpose heat ex- 
change coils. 15 

Heat exchange units in a wide variety of designs 
today serve many varied purposes, and each par- 
ticular design in order to provide maximum func- 
tional purpose takes into account all factors that 
are in part of the particular application in mind. 20 
These factors represent proper arrangement of heat 
transfer surfaces which in turn include circuits or 
conducting means for the heat carrying agents, be 
it a gas or liquid, and careful consideration to 
economical manufacturing processing. 25 

The field for heat exchange units, which includes 
coils of the type to which this application has 
particular reference, is extremely broad and far 
reaching. Though we do not intend to limit the 
broad application of basic principles here disclosed, 30 
our immediate concern is with its application to 
ajr^coil ditioning units or assemblies for passenger 
ca^JxucJcy-fa is, railwayyJjnmp or qncj ustrial u sest 
: The accepted practice today is to use a heat 
transfer coil for a single purpose either as an 35 
acceptor or a dissipator of heat, and the circuits 
for carrying the liquids or gases, with communicat- 
ing heat transfer surfaces, are proportioned 
accordingly. 

Our invention provides a heat exchange device 40 
which is both economical and efficient and so con- 
structed as to provide ready access to the heat 
t exchange circuits, and as disclosed in its preferred 
form herein comprises a multiple purpose heat 
exchange coil with two distinctly separate circuits 45 
for conducting the heat exchange agents, these 
circuits being usable simultaneously or alternately. 
Extended or secondary heat transfer surfaces are 
supplied which are common to both circuits. In 
many cases, a single circuit will be used at one 50 
time, and in which case the prime surface of the 
circuit which is not in use will serve as an addi- 
tional secondary surface for the circuit in use. The 
medium for accepting or dissipating heat may be 
air or some other gaseous or liquid medium which 55 
would be circulated externally between fins, which 
constitute part of the secondary surface. The de- 
sign of the coil of the present invention permits the 
use of its heat exchange surfaces for a wide variety 
of purposes including both heating and cooling, the 60 
multiple circuits being used either singly or simul- 
taneously. 

Contrary to the fpanhingr nf the prinr ptf xi/Wh 

suggests two circu it iT 1 p«niini relationship, 
circuits of the coils of the nresent i™»>nfi™i axe 65 
at light angles tn paph nt^r. This resu lts in the 
advantageous Possibility nf manifolding on the fnnr 
sides of the coil, anri rp<m1ts in placing, a ll the meta l 
joints in the open whprp thev are accessible fnr l^alr 
Checking and, when necessary, readvVe nair This is 70 



vitally important from the standpoint of good pro- 
duction practice as well as controllable field servic- 
ing. In addition, the particular relationship be- 
tween the the two circuits is such as to provide a 
compact structure, but one which nevertheless per- 
mits intimate contact with the heat accepting or 
dissipating external fluid and the ready flow of such 
external fluid through the unit. 

This construction also lends itself to the ready 
use of a variety of basic materials such as copper, 
aluminum, steel or any of their alloys, or a combina- 
tion of any of these materials. In addition, substan- 
tially any shape of circuit tubing may be employed. 

It is therefore one object of the present invention 
to provide a new and improved multiple purpose 
heat exchange coil which is economical, efficient, 
compact and readily serviceable. 

Another object is the provision of a device in 
accordance with the preceding object which includes 
two fluid circuits at right angles to each other. 

Another object is the provision of a device in 
accordance with the preceding objects in which the 
members forming one of the fluid circuits ex- 
tend through members forming the other fluid 
circuit and in intimate heat conducting relation 
therewith. 

Another object is the provision of a device in 
accordance with the preceding objects in which the 
manifolding may be accomplished at any of the four 
sides of the coil. 

Another object is the provision of a device in 
accordance with the preceding objects in which the 
circuit defining members are disposed at right 
angles to each other with one of the circuit defining 
members extending through the other circuit de- 
fining member in heat conducting relation therewith, 
and in which secondary heat conducting surfaces 
are disposed in engagement with one or both of 
the circuit defining members. 

Other objects and features of the invention will 
be readily apparent to those skilled in the art from 
the specification and appended drawings illustrating 
certain preferred embodiments in which: 

Figure 1 is a front elevational view of a heat 
exchanger constructed in accordance with the prin- 
ciples of present invention; 

Figure 2 is a sectional view along the plane of 
line 2 — 2 of Figure 1; 

Figure 3 is an enlarged sectional view along the 
plane of line 3 — 3 of Figure 2; 

Figure 4 is an enlarged sectional view along the 
plane of line 4 — 4 of Figure 2; 

Figure 5 is a view similar to Figure 4 illustrating 
a modification of the structure shown in Figure 4; 

Figure 6 is a sectional view along the plane of 
line 6 — 6 of Figure 5; 

Figure 7 is a partial front elevational view of a 
modified form of the invention; 

Figure 8 is a sectional view along the plane of 
line 8—8 of Figure 7; 

Figure 9 is an enlarged sectional view along the 
plane of 9—9 of Figure 8; 

Figure 10 is a view similar to Figure 3 illustrating 
a modified construction; " 

Figure 11 is a view similar to Figure 10 illustrat- 
ing a further modification;- — ~~ — _ 

Figure 12 is a view similar to Figure 1 illustrating 
another modified form of the present invention. 

With reference to the form of the present inven- 
tion illustrated, in Figure 1, there fi-disciosed -therein 
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means defining a first fluid circuit which comprises 
a plurality of vertically extending, laterally spaced 
tube sheets 1 of copper or other suitable heat con- 
ducting and fluid impervious material. These tube 
sheets may be of the type described in United 
States Letters Patent No. 2,759,247, issued to L. H. 
Grenell et al. on August 21, 1956, or other similar 
constructions. In any event, these tube sheets com- 
prise an integral combination of tubing and tube- 



complementary to the exterior surface of the 
tubular members 8- These collars 17 and 18 are 
bonded to the tubular members 8 either mechan- 
ically by internal expanding or metallically by 
use of solder or other heat bonding medium to 
the end that the tube sheets and the fin members 
4 are disposed in heat conducting relation with 
respect to each other and with respect to the 
tubular members 8. In addition, the collars 17 and 



spacing sheet. As best illustrated in Figure 3, the io 18 have a horizontal extent sufficient so as to 
tube sheets each comprise a plurality of integral engage the adjacent fin member or tube sheet to 
tubes 2, each of which is separated from the other rigidify the assembly and provide uniform spac- 
by a sheet 3 of the same material of which the i n g of the tube sheets and fin members, 
tubing is formed. This is a widely known com- n will therefore be seen from the foregoing 
mercial product, and per se forms no part of the 15 explanation of the construction that there are pro- 
present invention. Disposed between each of the vided a pair of separated fluid circuits at right 
tube sheets 1 are a plurality of fin members 4 of angles to each other, the first of which comprises 
relatively thin heat conducting material which are the tubes 2 of the tube sheets 1 which extend in 
parallel to tube sheets I and disposed in vertical a vertical direction between the upper and lower 
position. The upper ends of each of the tubes 2, as 20 manifolds 6 and 7, respectively, while the second 
best disclosed m Figure 2, respectively extend fluid circuit comprises the tubular members 8 
through suitable openings 5 in the under surface of wh ich have main portions extending in substan- 
an upper manifold 6, the tubes 2 being joined to tially a horizontal direction and provides a fluid 
the sides of the openings 5 in a pressure sealed circuit extending from the upper manifold 13 to 
relationship by soldering, brazing or other common 2 5 the lower manifold 14. It will further be seen 
method. Upper manifold 6 is, of course, a fluid tight that heat transfer may occur from the tubes 2 of 
enclosure adapted to retain the fluid to be sup- the tube sheets 1 to the tubular members 8 and 
plied to the tubes 2 of the tube sheets 1. The lower to the fin members 4 and subsequently to or from 
ends of each of the tubes 2 are each disposed in- the air or other fluid which flows through the 
fluid communication with the upper surface of a 30 device into the plane of Figure 1. Alternately, 
lower manifold 7 and extend therein through suit- flui d mav rirrnlntp thrn.^h ih» t,ihni ar momhorc 
able apertures provided in the manifold 7 in fluid 
tight engagement with the sides of these apertures 
by soldering, brazing, or other common method, so 
as to form a closed fluid circuit extending from the 35 
upper manifold 6, through the tubes 2, and into the 
lower manifold 7. 

Extending horizontally through the device of the 
present invention, as illustrated best in Figure 1, 

S'l^i^ ^ hi ^ t?* 0 ™** by * plurality 40 ^tiw^uITteSs 12 previously described, 

of generally U-shaped tubular members 8. of with such oval tubular members 8 a, the openings 

Efm^T!?^^^^ 0 ^ 1 materia1 ' As 15 and 16 in the fin members 4 and the tube 

h^^^^^F 5 ' « G ? b + u a . r me f bers 8 sheets 1, respectively, are also oval in shape so 

whi h n . P °Si tl0 K S 9 ! t thG i r le " endS ' that the tube sheets and fin members are in 

which project outwardly beyond a side wall 11 of 45 mechanical and thermal conducting relation with 

the device; the right ends of members 8 project the tubular members 8a. 

beyond the other side wall 11 and are provided Referring now to the 
with semi -circular return bends 12 which are 
attached to the open ends of members 8 by inser 



fluid may circulate through the tubular members 
8 with heat transfer occurring from such tubular 
members through the fin members 4 and tube 
sheets 1 to or from the passing air. 

In Figure 5 there is disclosed a construction 
employing generally oval-shaped tubular mem- 
bers 8a (similar to tubular members 8 except for 
such oval-shape) having rounded ends in sealed 
relation (by soldering or comparable methods) 



now to the embodiment of the 
present invention illustrated in Figures 7 through 
f _ . , . ■ . * , , - 9, there are illustrated therein a plurality of ver- 

^J?^^« 1 their extremities beyond the end sup- 50 tically extending and laterally spaced tube strips, 
porting plates 11 and properly sealed by soldering designated in general by the numeral 25, preferably 
or comparable methods, as best illustrated in formed by the aforementioned "Roll-Bond" method 
Figure 4. The uppermost tubular members 8 are 0 r process. Each tube strin 25 comprises 



connected to an upper, fluid containing manifold 
13 by having their ends extending therein in suit- 
able fluid tight relation, and the lowermost 
tubular members 8 have their respective open 
ends extending into a lower manifold 14, also in 
fluid tight relation therewith by soldering or com- 
parable methods, so that a closed fluid circuit 
exists from the upper manifold 13 through the 
tubular members 8 and out into the manifold 14 
at the lower portions of the device. 

As best illustrated in Figures 2 and 3, the 



or process. Each tube strip 25 comprises a 
plurality of spaced tubes 26 joined internally at 
55 their top and bottom portions by common conduit 
portions 27 which are respectively provided with 
an outwardly extending neck 28 which extends 
through a suitable opening in a manifold 29, it 
being understood that the neck 28 is in fluid tight 
60 relation (by soldering or comparable methods) 
with the cooperating openings in the manifold 29. 
The manifolds 29 may be of seamless tubing or a 
two-piece welded combination as desired to pro- 
vide a fluid impervious chamber. Between each 



tubular members 8 have horizontal central por- 6 5 of the tubes 26 formed in the tube sheet 25 is an 



tions staggered vertically, . and with . particular 
relation to Figure 3 it is extremely important to 
notice that the central, horizontal portions of each 
of the tubular members 8 extend through suitable 



integral, flat section 31, similar to the section 3 
previously described in connection with the tube 
strip l of Figure 1. 

fe , .„ , , ., , . v Disposed between each of the tube sheets 25 

2^S?J 6 '! J 6 J 6 '?^- 7 ' ^^ 6 ! ^ ^ 70 and ext * n <*ing * a vertical direction, parallel to 
fin members 4 and sheet "pm****.*^ the tube sheets are a plurality of fin members 32 
Lv^.?^ ngS i \l ™% *« h i0 ™? ^y of heat conducting material, these members being 

Providing integral collars 17,;^;.^re^i^ r . provided, with integral formed extensions 33 
memb€r f s „ 4 and sheet .portions ^ which. adapted to engage the adjacent fin members 32 or 
extend ho^ntaUyjymd .which, are .shaped . .to be 76 the. exterior Mils of the cooperating tubes 26, 
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as best illustrated in Figure 9. These extensions 
33 form the multiple purpose of supporting the 
tube conduits 26 against internal pressure, they 
provide additional heat conducting means and 
further effect self-spacing of the fin members 32- 
As discussed previously with respect to the em- 
bodiment of the present invention illustrated in 
Figures 1 through 6, tubular members 8 are 
provided having central portions which extend 



6 



ing or cooling, the_other circui t and the fins serve s 
as a secondary' circ uITTdr heat transfer. In addi- 
tion, "both clfcliifsTnay be used simultaneously and 
may carry either fluid of gaseous mediums as may 
be expedient in the particular application at hand. 

Where the term "tube sheet" is employed herein 
it is intended to include the type of structure de- 
scribed marketed in the aforementioned United 
States Patent or of the type by Revere Copper and 



at substantially right angles with respect to the 10 Brass Inc., under the trade mark "Tube-in-Strip 1 
tube sheets 25 and the fin members 32. The hori- and described in the magazine Modern Metal of 
.zontal portions of the tubular members 8 extend February, 1956; the similar product marketed by 
through complementary openings in the portions 31 Reynolds Metals Co., known under the trade mark 
;of the tube sheets 25 and in the fin members 32, "Roll-Bond" process described in that issue of 
so that the tube sheets and fin members are in 15 Modern Metals and also in the November 1954 
1 mechanical and heat conducting relation with the issue of Modern Metals, or any other comparable or 
tubular members 8- similar structure. 

It will be seen with this construction which While certain preferred embodiments of the 

employs tube sheets 25 smaller external manifolds invention have been specifically disclosed, it is 
are employable; in addition, the rigidity of the 20 understood that the invention is not limited thereto, 
structure is improved by virtue of the extensions as many variations will be readily apparent to 
33 on the fin members 32- 

Figures 10 and 11 respectively show various 
modifications of the present invention. In Figure 
10 there is disclosed a construction generally 25 
similar to that illustrated in Figures 1 through 6, 
there being substituted for the tube sheets 1, how- 
ever, tube sheets 41 which have a plurality of 
relatively small, circular tubes 42 formed therein as 



those skilled in the art and the invention is to be 
given its broadest possible interpretation within 
the terms of the following claims: 

The embodiments of the invention in which an 
exclusive property or privilege is claimed are de- 
fined as follows: 

, . . , , , 1. A heat exchange unit comprising a plurality 

distinguished from the elongated, large tubes 2 of 30 of first tubes of thermally conducting material 
the tube sheet 1. Such a construction is desirable adapted to conduct fluid, thermally conducting 
where conditions such as high internal pressures means disposed between adjacent first tubes in 
in the tubes 42 are to be employed. In Figure 11, thermal and mechanical connection therewith, a 
the structure is also generally similar to that plurality of second tubes of thermally conducting 
illustrated in Figures 1 through 6 but substitutes 35 material adapted to conduct fluid perpendicular to 
for the tube sheets I, modified tube sheets 43 said first tubes extending through said thermally 
having tube sections 44 and sheet sections 45 in- 
tegral therewith, the tube sections 44 being spaced 
more widely apart than the corresponding tube 
sections 2 of the tube sheets 1, previously de- 40 
scribed. 



In Figure 12 there is described a further modi- 
fication, which is generally similar to that illus- 
trated in Figures 1 through 6, but in which the 
tubular members 8 are replaced by tubular mem- 
bers 8' which differ from the members 8 by 
naving no return bend portions at their lateral 
ends. In distinction, the tubular members 8' are 
merely straight lengths of tubing, the opposite 



conducting means and in mechanical and thermal 
contact therewith, and manifold means in fluid 
communication with at least certain of said tubes. 

2. A heat exchange unit comprising a plurality 
of first tubes of thermally conducting material 
adapted to conduct fluid, thermally conducting 
means disposed between adjacent first tubes in 
thermal and mechanical connection therewith, fin 
45 members of thermally conducting material extend- 
ing generally parallel to said thermally conducting 
means; a plurality of second tubes of thermally 
conducting material adapted to conduct fluid ex- 
tending through both said thermally conducting 



ends of which extend into and are in fluid tight 50 means and said fin members in mechanical and 



relation with, respectively side manifolds 46 
and 47, by soldering or other common methods. 
It will be obvious that with such a construction 
one of the fluid circuits is between the top and 
bottom manifolds 6 and 7 through the tube sheets 55 
I, while the other fluid circuit extends laterally 
between the side manifolds 46 and 47 through the 
tubular members 8'. 

It will thus be seen that in all of the embodi- 



thermal contact therewith perpendicular to said 
tubes, said thermally conducting means and said 
fin members; and manifold means in fluid com- 
munication with at least certain of said tubes. 

3. A heat exchange unit comprising a plurality 
of spaced tube sheets of thermally conducting and 
fluid impervious material, each of said tube sheets 
comprising an integral assembly of first tubes 
separated by tube spacing sections, a plurality of 



ments of the present invention there are provided 00 second tubes of thermally conducting material 



two independent fluid circuits in thermal and 
mechanical connection to each other, the fluid 
circuits extending at right angles to each other. 
This makes the device one of extreme compact- 



adapted to conduct fluid extending through said 
tube spacing sections and in mechanical and ther- 
mal contact therewith, and a plurality of manifold 
means respectively in fluid communication with at 



ness and yet provides accessibility to the neces- 65 least certain of said first and second tubes. 



sary circuit connections at the ends of the circuit. 
In addition, it is very important to note that the 
construction is such that there are no manifold 
connections in the path of air flow through the 



4. A heat exchange unit comprising a plurality 
of spaced tube sheets of thermally conducting and 
fluid impervious -material, each of said tube sheets 
comprising an integi^assembly of first tubes sepa- 
device. In each of the embodiments, furthermore, 70 rated by tube sPj^ij^s^ecUohs, & n members of ther- 
fins are provided in parallel with one of the mally conductinggnate^^extending generally par- 
circuits and through which the other circuit ex- allel to said tubj^Se^^pluraUty of second tubes 
tends in mechanical and heat conducting connec- of thermally conducting {material adapted to conduct 
uon - It is obvious that wh P n one of the circuits fluid extendmg^^^^g|bpth said tube spacing 
alone_ is employ ed to carry fluid r "™.hcr for heat- 75 sections and sa^fir^Smbers^ mechanical and 
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thermal contact therewith, and a plurality of mani- 
fold means respectively in fluid communication 
with at least certain of said first and second tubes. 

5. A heat exchange unit comprising a plurality 
of spaced tube sheets of thermally conducting and 
fluid impervious material, each of said tube sheets 
comprising an integral assembly of first tubes sepa- 
rated by tube spacing sections, a plurality of fin 
members of thermally conducting material extend- 
ing generally parallel to said tube sheets, integral 
extension means formed on said -fin members 
adapted to engage the adjacent fin member or tube 
sheet, a plurality of second tubes of thermally 
conducting material adapted to conduct fluid ex- 
tending through both said tube spacing sections 
and said fin members in mechanical and thermal 
contact therewith, and a plurality of manifold 
means respectively in fluid communication with at 
least certain of said first and second tubes. 

6. A heat exchange unit comprising a plurality 
of vertically extending tube sheets spaced laterally 
one from the other in a laterally aligned array, 
each of said tube sheets being formed of a ther- 
mally conducting and fluid impervious material 
forming an integral assembly of vertically extend- 
ing first tubes separated by tube spacing sections, 
a plurality of second tubes spaced longitudinally 
within the unit including horizontally extending 
and vertically spaced portions, said second tubes 
being formed of a thermally conducting and fluid 
impervious material, said second tube portions 
extending through certain of said tube spacing 
sections of said tube sheets and in mechanical and 
thermal contact therewith, and a plurality of mani- 
fold means respectively in fluid communication 
with at least certain of said first and second tubes. 

7. The device defined in Claim 6 in which each 
tube sheet includes integral internal conduits in 
fluid communication with each of the tubes therein. 

8. The device defined in Claim 6 in which said 
second tubes comprise generally U-shaped parts 
having openings at the ends bridged by fluid-tight 
return bend members. 

9. The device defined in Claim 6 in which said 
second tubes comprise lengths of substantially 
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straight parts, and in which said manifold means 
include manifolds at the opposite lateral sides of 
the unit in fluid communication with the opposite 
ends of said straight parts. 

5 10. The device defined in Claim 6 in which ver- 
tically extending fin members of thermally con- 
ducting material are disposed between said tube 
sheets, and in which said horizontally extending 
portions of said second tubes extend through cer- 

10 tain of said fin members and are in mechanical 
and thermal contact therewith. 

11. The device defined in Claim 6 in which said 
tube sheets include integral aperture defining 
flanging shaped to conform to the exterior contour 

15 of said horizontally extending portions of said sec- 
ond tubes so as to be complementary thereto and 
effect the mechanical and thermal connection to 
said second tubes. 

12. The device defined in Claim 10 in which 
20 said fin members and tube sheets include integral 

aperture defining flanging shaped to conform to the 
exterior contour of said horizontally extending 
portions of said second tubes so as to be com- 
plementary thereto and effect the mechanical and 
25 thermal connection to said second tubes. 

13. The device defined in Claim 10 in which said 
fin members and tube sheets include integral aper- 
ture defining flanging shaped to conform to the 
exterior contour of said horizontally extending por- 

30 tions of said second tubes so as to be comple- 
mentary thereto and effect the mechanical and 
thermal connection to said second tubes, and in 
which said flanging extends horizontally a sufficient 
distance to engage the adjacent tube sheet or- fin 

35 member to rigidify the assembly and improve the 
thermal intercommunication between the elements 
of the unit. 

14. The device defined in Claim 10 in which 
said fin members include integral extensions con- 

40 structed and arranged to engage the adjacent fin 
member or tube sheet to rigidify the assembly and 
improve the thermal intercommunication between 
the elements of the unit. 

45 
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